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OVERVIEW 
This report provides a summary of 
the ACCESS project (AgroClimatic 
Change and European Soil Suit-
ability) sponsored by the Commis-
sion of the European Communities 
(EV5CT920129) under the Third 
Framework Programme. 
The ACCESS project arose from the 
belief that land-use modelling is an 
essential tool for the proper imple-
mentatlon of policy choices con-
ceming the utilisation of resources. 
Such choices can be local or nation-
al, but should be supported by the 
best information, or estimates, that 
modern science inter alia can pro-
vide .. Pollcy has to deal with options 
at dlfferent spatial and temporal 
scales , and we have made this a 
central part of the design of the AC-
CESS model. The scientific core of 
ACCESS is a robust method for the 
calculation of the soil-crop-water re-
lationship, which is central to any at-
tempt to assess the suitability of 
land for agrlcultural uses. Additional 
features are the ability to: 
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• calculate soil hydraulic properties 
by means of widely-tested , robust 
pedo-transfer functions· , 
• model soil-water movement in 
cracking soils; 
• assess the problem of soil salinity, 
uSlng an expert system; 
• estimate soil erosion risk, and vul-
nerability to agro-chemicals. 
Most aUempts to predict the effects 
of potential climate change on the 
agrlcultural productivity of soils have 
been made either for small inten-
sively-managed experiment~1 sites, 
or at scales and resolutions of sev-
eral tens or hundreds of km. There 
are few predictive tools useful to the 
land-use planner, or the policy mak-
er, at both the local and regionallev-
el, with the implications this has for 
spatial resolution on the ground. 
Within the European Union there is 
a large amount 01 detailed soil, land-
use and climatic data, much 01 it at 
very high resolution (tens or hun-
dreds 01 metres) . Large amounts 01 
these data are in digital lorm , and 
can be manipulated readily by com-
puters, often within geographic in-
lormation systems. 
The ACCESS project has produced 
a model which uses such detailed 
inlormation to predict the effects 01 
climate change on land-use poten-
tial within Europe. The model has 
been designed deliberately to make 
use 01 simple (but reliable) soil data 
Irom soil surveys , in relation to crop 
suitability, as well as data Irom ex-
perimental sites. 
The ACCESS model thus runs at 
two levels: ACCESS-I and AC-
CESS-II, which complement one 
another. The essential difference is 
one 01 data availability, because this 
affects proloundly the time steps at 
which the model can operate, and 
the level 01 detail with which 
processes can be simulated. The 
model assesses land-use suitability 
in terms 01 the predicted yield 01 
strategic crops (winter wheat , 
maize , soybean, potatoes, sun-
Ilower). A novel development 01 this 
approach is the introduction 01 Re-
gional Yield Classes, which interpret 
the data in relation to local larming 
practice i.e. the local social and eco-
nomic environment. 
ACCESS-I is a general approach to 
allow extrapolation to large areas 01 
land, and has less intensive data re-
quirements. It uses the results 01 the 
site specilic, detailed data and mod-
elling within the second part 01 the 
model - known as ACCESS-II - lor 
validation and calibration. II suffi-
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cient data are available, ACCESS-II 
can be run lar large areas, but this 
situation is likely to be unusual , and 
would be more demanding in com-
puting time. The model has a user-
Iriendly, menu-driven lront end, with 
clearly delined input and output data 
structures. Many 01 the latter are de-
liberately compatible with a wide 
range 01 geographic inlormation 
systems, so that output can be ob-
tained as maps. The model will run 
under Microsoft WINDOWSTM on an 
IBMTM-compatible PC-platform , is 
written in MicrosoftTM FORTRANTM 
(version 5.1) and Microsolt VISUAL 
BASICTM, lor ease 01 implementa-
tion , and is lully documented. 
This report also includes demon-
strations 01 the use 01 ACCESS in 
the countries represented by the 
consortium. Future developments 01 
land-use modelling are also dis-
cussed. 
NOAA-AVHRR mosaic of Europe (Copy-
right NRSC 1990) 
BACKGROUND 
The agricultural area (excluding 
forestry) of the European Union is 
about 1.6 million km', most of which 
lies between the latitudes 37ºN and 
64ºN, and longitudes 10ºW and 
23ºE. If Hungary, Poland and Roma-
nia are included, i.e. the non-EU 
partners in this project , then the 
area of agriculturalland increases to 
about 2.1 million km', and the geo-
graphic range extends to almost 
30ºE. The Community is one of the 
largest agricultural producers in the 
world, and its Common Agricultural 
Policy is an important part of its bud-
gel. Thus, any change in food pro-
ductive capacity, or in the bound-
aries of the regions in which major 
crops can be grown, is of consider-
able significance, as is the potential 
for the introduction of new crops. In 
addition , the agricultural potential of 
the associated countries is consid-
erable, and has important implica-
tions for future land-use policy with-
in the EU, or an enlarged version of 
il. Moreover, land-use commonly 
has a profound effect on water sup-
ply, water quality, regional infra-
structure and the planning process. 
Global warming is predicted to give, 
for Europe as a whole, a mean rise 
in temperature of about 3ºC over the 
next 50 to 100 years (Viner and 
Hulme, (993), whilst precipitation is 
expected to i ncrease by about 10 
per ce nI. Likely changes in the sea-
sonal and spatial distribution of the 
latter are currently little known, and 
difficult to predict (Carter et al. , 
(992). However, winters will proba-
bly become wetter, and summers 
drier, although the frequency and 
severity of so-called 'extreme 
events' e.g. severe storms, flooding 
etc. might increase (IPCC, (990) . 
For land-use considerations the 
most important result of this overall 
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change will be an increase in sum-
mer soil moisture deficits , which 
could be large in some regions . 
Many attempts to predict the effects 
of climate change on land-use within 
the European Community have suf-
fe red from important limitations, e.g.: 
• they regard the soil as essentially 
uniform, and are driven almost en-
tirely by climate; 
• they operate at very coarse scales 
(Parry, 1990; DoE, (991); 
• they are essentially statistical in 
their approach and do not give 
enough attention to processes and 
mechanisms, particularly with re-
spect to soil-climate interactions. 
\. 
Such approaches can be useful in 
giving a very broad picture. Howev-
er, they do not provide tools which: 
• give enough detail for realistic 
land-use planning at the local or 
regional scale; 
• consider the water resource impli-
cations of the potential changes in 
soil-climate-agriculture systems; 
• allow accurate predictions in 
changes of harvests, and thus 
factors related to the agricultural 
economic sector. 
Because 01 the very coarse scales 
generally used, little attempt has 
been made to link with the very large 
amounts 01 high resolution soil, 
land-use and climate inlormation 
available within the Community 
(Hough, 1990; Commission 01 the 
European Communities, 1991 ; Nar-
cisco et al. , 1992). 
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The ACCESS project is concemed 
with modelling the potential impacts 
01 predicted climate change ; not 
with predicting climate change itsell. 
The basic strategy was lo build a 
model that uses climatic variables 
as par! 01 lhe evaluation 01 land lor 
crop suitability. Because the climate 
variables are not lixed, the approach 
can deal with any proposed climate 
perturbation. Validation 01 the model 
is, however, carried out against cur-
rent climatic situations. 
AIMS, OBJECTIVES ANO PURPOSE 
The aim 01 the ACCESS project was 
to develop a model which could pre-
dict the effects 01 any climate pertur-
bation on the cropping potential 01 
any area 01 land within the Euro-
pean Union. 
The objective 01 the ACCESS mod-
el is to assist scientilically the deci-
sion making process in relation to 
land-use. Within this Iramework, the 
project addressed the lollowing cri-
teria: 
• the ability to predict land-use po-
tential should be independent 01 
scale, within the limitations 01 
available data ;.e. the model 
should be able to make a predic-
tion lor a single lield or lor a large 
region, without making impossible 
demands 01 the computing envi-
ronment; 
• the knowledge-base would be the 
known soil paltem, the properties 
01 the soils and the growth re-
quirements 01 the intended 
crop(s); 
• the project would make use 01 cur-
rent, well-researched and docu-
mented models 01 soil, crop and 
climate processes, as appropri-
ate; 
• direct temperature effects on crop 
perlormance would be predicted 
Irom existing physiological mod-
els, using data Irom national ex-
perimental soil-crop programmes 
as the basis lor modelling and 
simulation; 
• the user 01 ACCESS could use 
historical meteorological data to 
test the lunctioning 01 the model; 
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• regional modelling, which we call 
Level I modelling (ACCESS-I, 
aboye) , would be supported 
through detailed site modelling 
(Level 11 modelling - ACCESS-II). 
Thus, the more empirical-statisti-
cal, spatial approach 01 ACCESS-
I is validated by the more process-
based, but site-specilic, approach 
01 ACCESS-II. 
• provision lor the user 01 robust 
pedo-transler lunctions to allow 
estimation 01 soil hydrological 
properties lrom simple soil survey 
data; 
• the need lor clearly-delined data 
input and output structures, the 
lalter to be compatible with wide-
Iy-available geographic inlorma-
tion systems; 
• that the ACCESS model would 
run on an IBMTM-compatible PC-
plalform, through a user-Iriendly 
interface; 
• that ACCESS would give the user 
tools to assess risks Irom erosion , 
agro-chemicals and salinisation, 
all 01 which were thought, by the 
team, to be lactors which could 
assume much greater signili-
canee lor land-use under a 
changed climate. 
Thus, the user 01 ACCESS has a 
powerful, lully-documented model , 
based on sound scientilic principies, 
and running on widely available 
hardware. The model purposefully 
sets out a method 01 estimating 
yields 01 strategic crops lor a soil (or 
soils) 01 given properties, with any 
stated climate inputs, and at a range 
01 geographic scales. The inputs 
can be judged against locally-de-
rived yield classes. 
THE PRODUCT 
Both ACCESS-I and ACCESS-II 
share a common format for data in-
put. The choice of route through the 
model depends largely on the time-
step of the climate data. Both AC-
CESS-I and ACCESS-II will carry 
out the risk assessment and yield 
prediction, many of the routines be-
ing shared. The greatest difference 
lies in the mechanism for calculating 
the soil-water balance. This is much 
more detailed in ACCESS-II, reflect-
ing the greater resolution of the cli-
mate data, than in ACCESS-I. The 
format for data output from both 
routes through the model is similar, 
and both are compatible with the in-
put formats of many, widely-avail-
able GIS packages. 
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In order to make the improved mod-
el widely available, it has been de-
veloped so that it will: 
• run on an IBMTM-compatible PC 
platform; 
• use standard data input formats; 
• provide output as standard file for-
mats acceptable to a range of ge-
ographic information systems. AII 
programming is compatible with 
MicrosoftTM FORTRAN v5.1. 
• run under WINDOWSTM through a 
user-friendly 'front-end', itself writ-
ten in Microsoft VISUAL BASICTM. 
GENERALAPPROACH 
We took the Iramework 01 an exist-
ing crop-agroclimate model devel-
oped in the UK (Thomasson and 
Jones, 1992), which relates crop re-
quirements to soil-climate lactors. 
Initial development concentrated on 
improvements to the water balance-
crop growth module, the erosion 
module, and the land-use/sustain-
ability module. The second stage 
concentrated on extension 01 site-
specilic modelling to larger areas (a 
process we term 'spatialisation '). 
Throughout the development 01 the 
model , considerable attention was 
given to assembly 01 databases with 
common data input lormats, and 
standardisation 01 output lormats 
compatible with common GIS's. 
The compartments 01 this approach, 
and that within ACCESS, are sub-
models ; some complex, others very 
simple. These sub-models lorm a 
logical sequence, which lead to a 
suitability rating lor a chosen crop-
soil combination , run against given 
climate data. The model takes into 
account the limitations imposed by: 
• site lactors: slope, aspect; 
• soil lactors: depth, stoniness; 
• tillage properties: machinery work 
days, compaction risk; 
• agro-climatic lactors: altitude, ac-
cumulated temperature; 
• crop available water: precipitation 
minus evapotranspiration. 
The European Community is large 
and diverse so it was clear that the 
ACCESS model had to be tested 
under a range 01 conditions. For this 
reason we selected regions as test 
areas, each having good soil , crop 
and climate data, much 01 it in digital 
lorm, and a network 01 experimental 
sites/larms where extensive site-
specilic data are available: 
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• central England: cool, humid cli-
mate; 
• Languedoc-Roussillon , France : 
Mediterranean climate; 
• Andalucia, Spain: very hot, dry 
summers, limited winter rainlall. 
• Lublin Upland , eastern Poland: 
warm continental , with snow cov-
er in winter; 
• Middle Tisza Region (Nagykun-
ság), eastern Hungary: dry conti-
nental , cold winters, little snow. 
The compilation 01 the databases 
concentrated on: 
• site lactors - topographic maps 
and/or landlorm analysis; 
• soil lactors - soil mapping (survey) 
and associated databases; 
• tillage properties - calculated Irom 
the number 01 days at which the 
soil is likely to be too wet lor me-
chanical cultivation; 
• agroclimatic lactors - Irom meteo-
rological data; 
• crop-available water - calculated 
Irom precipitation data (Iong-term 
or short-term) and a simple model 
01 soil hydrological properties. 
The database lor soils in central 
England was constructed in relation 
to the digital version 01 the National 
Soil Map (Mackney et al. , 1983), 
and its associated database (Lan-
dlS - see Ragg et al., 1988). Daily 
rainlall and temperature data lor the 
test area were obtained lor 30 years 
lrom 130 stations. 
In France (Languedoc-Roussillon), 
the climate data comprised daily val-
ues 01 rainlall and temperature over 
20 years lor 75 locations spread 
across Languedoc. Because soil 
data collected during soil surveys do 
not include the soil hydraulic proper-
ties, an extensive sampling program 
was carried out to determine these 
soil properties lor the main soil units. 
The other soil data came lrom the 
soil databank lor the region (Bor-
nand el al., 1993). 
For Spain, soil and crop data were 
obtained lrom the Catalogo de Sue-
los de Andalucia (de la Rosa, 1984). 
Climate data were collected specili-
cally lar this project Irom 62 climate 
stations within Andalucia, and en-
tered into a database. 
The Polish data come Irom the Insti-
tute 01 Agrophysics (Lublin) and the 
Institute lor Soil Science and Plant 
Protection (Pulawy). 
In Hungary, the soil database is a 
compilation Irom the Hungarian Soil 
Inlormation System (TIR) (Csillag, 
1988) by the Research I nstitute lor 
Soil Science and Agrochemistry 
(Budapest), whilst a database 01 cli-
mate data was assembled by the 
Hungarian Meteorological Office. 
The Romanian database came Irom 
the archives 01 the Research Insti-
tute lor Soil Science and Agro-
chemistry, Bucharest. 
In addition, a comprehensive data-
base 01 crop growth requirements, 
crop phenology, and crop yield was 
established lor major crops lor all 
the test regions by all the partners in 
the project. Robust pedo-transler 
lunctions originally developed lrom 
work in Romania and Hungary, were 
extended across these diverse 
datasets. 
Most soil-crop models are devel-
oped and validated Irom experi-
ments made at specilic sites. Large 
datasets with many variables can be 
obtained, and temporal and spatial 
distribution established with preci-
sion. Such models commonly re-
quire very large numbers 01 input 
variables, which cannot be obtained 
lor several crop types on large areas 
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01 land, where soil and climatic vari-
ation can be considerable. This 
gives very real problems in applying 
crop/land-use modelling to such ar-
eas, where this kind 01 modelling 
has an important role to play in sup-
porting planning and policy deci-
sions. The restriction 01 models 
solely to experimental sites, which 
will always be a small part 01 any en-
vironment, is to question the ulti-
mate purpose 01 their development. 
In order to deal with this, we devel-
oped the revised model (ACCESS) 
to work at two scales: 
• regional (Level 1): large areas 
lorm several hundred to several 
thousand hectares in extent; this 
part 01 the model is known as AC-
CESS-I; 
• test sites (Level 11): experimental 
sites, usually at the larm or lield 
scale, where intensive collection 
01 data has occurred, olten over 
many years. Such sites provide 
the rigorous Iramework within 
which the model can be validated. 
This is ACCESS-II. 
For the purposes 01 this project and 
the development 01 a warking model, 
we concentrated on the strategic 
crops: maize, winter wheat, sun-
Ilower, soybean and potatoes lor 
ACCESS-I; and, winter wheat, 
maize and sunllower lor ACCESS-II. 
It is important to realise, however, 
that the present larm 01 the model 
makes no attempt to model crop 
quality except through yield, and this 
affects the choice 01 crop(s) to be 
modelled. For example, vines are 
not included because the judgement 
01 the product is largely on the basis 
01 what is in a bottle, and not what is 
on the plant . Nor, at the moment, 
does the model include routines to 
consider the socio-economic as-
pects 01 cropping, although such re-
search is in progress. 
ACCESS-I 
The soil water balance component of 
ACCESS-I considers evaporation 
and transpiration separately, as well 
as defining root front development 
and root density. Crop yields are esti-
mated using the concept of water use 
efficiency including the influence of 
CO, on this. Soil hydraulic properties 
are estimated using pedo-transfer 
functions from simple soil survey 
data (particle size distribution, organ-
ic carbon content and bulk density). 
ACCESS-I also addresses soil work-
ability, which is a significant con-
straint to crop production in many Eu-
ropean regions (Rounsevell , 1993). 
Soil workability is usually quantified 
by the number of days suitable for 
machine operations during the grow-
ing season, and these are strongly 
influenced by the weather (Rounsev-
ell and Jones, 1993). Changes in the 
climate will affect the number of ma-
chinery work-days; (Rounsevell and 
Brignall, 1994), and this will impact 
significantly on crop production and 
land use distribution (Rounsevell el 
al., 1994). 
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An example of the soil water balance calculated using ACCESS-I for a period of 15 years. 
The fines on the graph represent rainfall (Rain), actual evaporation (Aevap), transpira-
tion (Transp), drainage (Drain), the sum of the actual evaporation and transpiration 
(SUM) and the cumulative water balance (Wbcum) 
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ACCESS-II 
ACCESS-II provides a detailed soil 
water balance model based on a 
mechanistic description 01 the 
processes 01 water inliltration, redis-
tribution, and crop water uptake. It is 
derived Irom the MOBIDIC model 01 
Leenhardt (1991), and contains 
within it the options to describe soil 
water movement using the simple 
ARFEJ model (Rambal and Cornet, 
1982) or a lull solution 01 the 
Richards' equation describing water 
movement in unsaturated soils. 
The growth 01 the crop is simulated 
using the crop growth model derived 
Irom EPIC (Williams el al., 1983), as 
modilied by Cabelguenne el al. 
(1990) lor multiple crop phases. AC-
CESS-II has the ability to model by-
pass Ilow though soil macropores, 
which is an important component 01 
the water balance in soils with high 
clay contents under dry climatic con-
ditions (Armstrong el al., 1994). 
• Mellsured . . . . . . . Richatd's -- Bypass flow 
120 130 14() 150 160 170 
Day 
180 190 200 210 220 
Water content at 5 cm depth for Grabow, Poland in 1994: measured values compared 
with ACCESS-II simulations with bypass flow and without (Richards') 
13 
DEMONSTRATION 
The examples which follow illustrate 
the use of ACCESS in various 
modes and in different European re-
gions. 
ACCESS-I for the 
prediction of winter 
wheat yield in central 
southern England 
Location of the central southern Eng-
land demonstration region 
ACCESS-I was used to predict the 
change in yield of winter wheat for 
29803 km' of land in central south-
ern England. The altitud e of the area 
ranges from -1 m 00 to 507 m OO. 
Modelling was based on 1 km x 1 
km raster data comprising 142 dom-
inant soil series. Climate data were 
extracted from the 10 km GB climate 
dataset constructed by the Climate 
Research Unit of the University of 
East Anglia. For this mapping exer-
cise, the standard IS92a scenario 
was chosen, which predicts the 
'business-as-usual' climate for the 
year 2050 with a mean temperature 
change of + 1 .15ºC and 523 ppmv 
CO, , and for the year 2100 with a 
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mean temperature change of 
+2.46ºC and 733 ppmv CO,. 
The modelled yield for the baseline 
climate was found to have an aver-
age of 8.1 t ha·' . This can be · com-
pared with the historical average for 
the same region over the same peri-
od of time of 6.9 t há'. The modelled 
yield is larger than the observed 
yield because it does not allow for 
less than optimum management. 
Van Lanen et al. (1992) calculate 
that because of suboptimal man-
agement in the UK, actual winter 
wheat yields are 0.75 of water limit-
ed yields. Thus, 0.75 of the average 
modelled yield is 6.1 t ha ' , a value 
comparable with the observed data. 
LCIIIlno 
lino dlt, lvallllbh • 
• 600U -6500 kg/ha 
.6~OO-7DOO kglh .. 
• 7000 -1500 kg/h .. 
1500- 8000 klJlhlo 
. 8000 -8500Ilgft" • 
• 8500-9000 ktH .. 
100 km 
Winter wheat yields in central southern 
England for the baseline climate 
One would expect the average mod-
elled yields to be slightly less than 
the actual yields because the mod-
elling exercise considered all soils 
within the demonstration region, in-
cluding those that are marginal for 
wheat and which would not normal-
Iy be cultivated. However, the gen-
eral similarity of modelled and ob-
served data indicate the ability of 
ACCESS-I to reproduce yields un-
der current climatic conditions. 
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Winter wheat yields in central sauthern 
England far the year 2050 
The average modelled yields lor the 
climate change scenarios were 10.9 
and 13.5 t ha-', lor the years 2050 and 
2100 respectively. These simulated 
yields reduced to 8.2 and 10.1 t há' 
using the management related ad-
justment lactor 01 van Lanen et al. 
(1992), assuming that the level 01 
management does not differ marked-
Iy Irom the present to the future. Thus, 
the simulated average yields are 
shown to increase by 2.9 t hao' 
(35.5%) at 2050 and by 5.4 t há' 
(66.6%) at 2100. In addition, as the 
climate is perturbed, the distribution 01 
yields becomes narrower, indicating 
optimisation 01 growing conditions. 
l no dala avall1tble 6000 - 6500 k¡Vho 6500 · 70DO ~hiI 1000 - 7500 kglha 
7500 -8000 kglhll 
. aOOO -8500 k¡;'ho 
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100 km 
Winter wheat yields in central sauthern 
England far the year 2100 
The increase in biomass can be at-
tributed to enhanced water use effi-
ciency as a result 01 elevated at-
mospheric CO, concentrations, and 
increased temperature and evapo-
transpiration. However, because 01 
the simplicity 01 the model , physio-
logical restrictions to biomass accu-
mulation are not considered, and 
these might result in overestimation 
01 the yield predictions. 
1 __ Ea, .. I"", cm...te - 2050 --...- 21 00 1 
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Winter wheat yield (kg ha-')distributians far the clímatic baselíne, 2050 and 2100 in cen-
tral sauthern England 
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Predicting the effect 01 
climate change on maize 
in southern France 
ACCESS-II was run lor maize using 
current growth conditions based on 
experiments at INRA-Toulouse dur-
ing the years 1986 and 1987. AC-
CESS-II has been shown to simu-
late the growth 01 this crop 
extremely well lor this location and 
lor these years. 
The imposed climate change was 
based on a CO doubling scenario: a 
worst case sce~ario, with a large in-
crease in temperature. In practice, 
we successively: 
• ran the climatic model starting 
Irom ten available years lor the re-
gion (1966/1975 with daily data), 
• used the hypothesis that the at-
mospheric CO, content doubled, 
• considered monthly results , 
smoothing them to avoid small 
random variations, 
• applied, on a daily basis, the 
translormation 01 climatic data 
presented in Table 1 at the month-
Iy leve!. 
Tables 2 and 3 show the results 01 
the simulations made with and with-
out climate modilication. To deline 
the current conditions 5% was 
added to the potential evapotranspi-
ration (Ior grass), because transpi-
ration 01 maize is greater than that 01 
the relerence crop. AII values 01 the 
output data given in the tables cor-
respond to the growing periodo We 
must emphasise that the 1987 year 
was wet, allowing a grain yield near 
to 10 t ha" without irrigation. In con-
trast, 1986 was very dry and the ex-
periment, also conducted without ir-
rigation, gave poor biomass and 
yield. 
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Table 1. Clima te change 
transformations used for maize 
in Toulouse 
Tmax Tmin Rain PET Solar 
rC) (OC) (%) ("lo) Rad. 
Jan +0.82 -0.25 -11.6 +10 +4.3 
Feb +1.34 +1.91 +30.7 +10 fr 13.7 
Mar +4.91 +2.84 f+ 10.7 +10 f+17.1 
Apr +0.63 +0.46 -9.4 +10 +6.4 
May +1.47 +1.49 +3.5 +10 +9.1 
Jun +4.17 +2.68 -19.0 +10 +9.6 
Jul +8.31 +3.60 -56.2 +10 -2.9 
Aug +7.00 +4.67 -0.4 +10 -7.5 
Sep +5.96 +4.77 -38.9 +10 f+21.8 
Oct +3.19 +2.40 15.6 +10 -5.2 
Nov +2.51 +2.96 +3.1 +10 -4.0 
Dec +2.54 +3.37 +5.5 +10 +2.1 
Some 01 the simulation results are 
obvious lor the year 1987. Firstly, 
the temperature increase reduces 
the length 01 the growing period be-
cause this is mainly controlled by 
the sum 01 degree-days. The result 
01 this is that the solar energy accu-
mulated is smaller so that the bio-
mass potentially lormed Irom this 
energy is al so small. Secondly, as 
rainlall decreases, transpiration is 
reduced and the value 01 water 
stress diminishes, i.e. it becomes 
more severe. For both these rea-
sons, biomass and yield are smaller 
than the biomass and the yield ob-
tained under current conditions. The 
yield is approximately halved il no ir-
rigation water is added. Conversely, 
il the increase in water demand is 
compensated by irrigation, the yield 
will not change markedly. 
60 
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JO 
Observed (points) and simulated (curve) soil water contents for Maize; Toulouse exper-
imentin 1987. 
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3 
2 
o 
Observed (points) and simulated LAI (curve) for maize; Toulouse experiment in 1987. 
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Table 2. Clima te change 
simulation experiment, Toulouse 
in 1986. 
Output Actual Modified 
Variable Climate Climate 
Growing period (days) 130 100 
Mean temperature (' C) 18.7 25.2 
Rainfall (cm) 8.8 7.0 
Irrigation (cm) 0.0 0.0 
Drainage (cm) 0.0 0.0 
Residual water stock 31.7 35.3 
PET (cm) 56.4 46.6 
Actual ET (cm) 35.2 29.7 
Pot. Evaporation (cm) 28.8 22.6 
Actual Evaporation 12.4 8.6 
Potent. Transpiration 27.7 24.0 
Actual Transpiration 22.7 21.1 
Water stress 0.73 0.77 
Thermal stress 0.96 0.97 
Total biomass (tonnes) 10.2 11.5 
Above ground Biomass (t) 8.2 9.2 
Yield (tonnes) 2.6 3.6 
Degree·days for period 1521 1783 
Degree·days for maturity 1500 1750 
No. of maturity days 252 222 
II we consider 1986, the situation is 
completely differen!. The shortening 
01 the growing period, linked with the 
temperature increase, allows the 
crop to save on part 01 its growth be-
cause this takes place belore the 
summer dry periodo The water stress 
pass es Irom 0.73 (actual conditions) 
to 0.77 (climate change hypothesis). 
The result is an increase in yield even 
il this yield remains too small. 
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Table 3. Climate change 
simulation for maize, Toulouse in 
1987. 
Output Actual Modified 
Variable Climate Climate 
Growing period (days) 151 11 0 
Mean temperature (' C) 18.6 23.3 
Rainfall (cm) 23.5 14.0 
Irrigation (cm) 0.0 0.0 
Drainage (cm) 0.0 0.0 
Residual water stock 32.8 36.9 
PET (cm) 59.7 46.4 
Actual ET (cm) 46.5 33.3 
Pot. Evaporation (cm) 26 23.7 
Actual Evaporation 14.3 12.4 
Potent. Transpiration 33.6 22.7 
Actual Transpiration 32.4 20.9 
Water stress 0.91 0.86 
Thermal stress 0.96 0.98 
Total biomass (tonnes) 23.0 13.2 
Above ground Biomass (t) 18.3 10.6 
Yield (tonnes) 9.2 4.9 
Degree·days for period 1764 1754 
Degree·days for maturity 1750 1750 
No. of maturity days 266 226 
However, this interpretation is not 
absolutely certain beca use the mod-
elling 01 the effect 01 the highest 
temperatures has not been tested 
sufficiently as, in general and lortu-
nately, we do not olten see this kind 
01 situation in our lields. Neverthe-
less , il we remember 1976 and 
1990, the temperature was so high 
and water so scarce that maize was 
severely damaged, with yields <1 t 
ha" everywhere in the region. 
However, if irrigation satisfies the 
water demand, the yield will be iden-
tical to 1987 and not far from the 
maximum actual crop potential. 
Thus several conclusions can be 
drawn from these simulations: 
• A major climate change scenario, 
characterised by CO, doubling , 
glves a yield decrease no greater 
than the decrease we know today 
when we pass from a normal wet 
year to a dry one. This allows us to 
make rather good predictions, be-
cause it is possible to calibrate our 
models on situations that are not 
very different Irom those predicted 
as common or normal for the fu-
ture, except lor the quantity 01 CO 
in the atmosphere and for long pe: 
riods of higher temperatures. 
• For maize, the consequences 01 
the change will be linked with an-
nual climatic variability. In the dri-
est years the situation will be no 
worse than today and, in some 
cases, it could be better. In the 
wetter future years (that will al-
ways be more or less dry), the 
growth 01 maize without irrigation 
wllI not be prolitable, even if the 
soils are good and deep. 
• Even il water is supplied , the crop-
ping season will be modilied by 
the temperature increase. To ben-
efit from the extra solar radiation 
the crop must not be too preco-
CIOUS. Thus, the breeding 01 new 
varieties must be in a direction op-
poslte to that previous. The new 
objective will not be to diminish 
the length of the growing period to 
adapt maize to northern countries 
but to increase this length to mak~ 
the best use of new conditions. 
Naturally, the photoperiodic condi-
tions of the country will not be 
modified. 
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The erosion vulnerability 
model for the Province 
of Sevilla, Spain 
The demonstration region of Sevilla 
Province has a total surface area of 
14001 km' . It is located between N 
38° 11 ' and 36° 50' and W 6° 30' - 4° 
40'. Soil and climate data were col-
lected from the province, and its bor-
der areas, and were used to esti-
mate values at unmeasured 
locations on a regular grid of 2.5 km 
x 2.5 km. Soil variables were inter-
polated using geostatistical interpo-
lation techniques. Long-term (20 
year) monthly average maximum , 
mean and minimum temperature 
values were interpolated by means 
01 a multiple polynomial regression 
model using means Irom 49 precipi-
tatlon statlons. The demonstration in 
Spain was used to show the erosion 
risk submodel. 
Distribution of attainable eros ion risk in the Province of Sevilla, Spai 
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The effects of climate 
change on crop yields 
in Hungary 
The ACCESS-I model was applied 
to different soil types in the test re-
gion 01 Hungary (Middle-Tisza), lor 
the present and potential luture cli-
mate based on a double CO, sce-
nario. Table 4 shows the monthly av-
erage imposed changes in 
precipitation (%), temperature ('C) 
and evapotranspiration (cm). The 
changed climate lurther reduces the 
already extreme lack 01 precipitation 
in the vegetation period (April , July 
and September) coupled with signil-
icant increases in the mean air tem-
perature 01 4 oC. 
For the current climate, ACCESS-I 
predicted wheat yields 01 4.8 t ha" lor 
soils having low hydraulic conductivi-
ty's , compaction , and high water 
holding capacities, mainly due to 
their salt conten!. However, the direct 
effect 01 salt on wheat yields were not 
modelled. The other soil types such 
as meadow chernozems , cher-
nozems with salt accumulation in the 
deeper horizons, and heavy textured 
solonetzic meadow soils , show a 
similar wheat productivity (5.2 t ha ') . 
Under the changed climate condi-
tions, yields decrease unilormly to 
4.6 t ha" which is a 10-15% reduc-
tion. The lower yield loss 01 the salt-
affected soils is not realistic because 
they are not suitable lor wheat pro-
duction anyway. 
An implication 01 the predicted yield 
losses is that there could be a large 
increase in the use 01 irrigation wa-
ter in the central Tisza region 01 
Hungary. It should be noted, howev-
er, that the modelling does not allow 
lor the effects 01 groundwater ta-
bies, a subject lor luture research. 
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Table 4. Climate perturbations 
used in the Hungarian 
demonstration 
Monlh Rain Temp ET (cm) 
Jan 1 3 0.13 
Feb 19 3 0.09 
Mar 16 6 -0.38 
Apr -10 4 0.16 
May 4 4 0.11 
Jun O 4 0.07 
Jul -21 4 -0.04 
Aug 5 5 0.31 
Sep -17 4 0.1 8 
Ocl 18 3 0.12 
Nov 2 5 -0.29 
Dec 22 6 -0.08 
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ACHIEVEMENTS, LlMITATIONS ANO THE 
WAYFORWARO 
Achievements 01 the 
project 
The ACCESS project has brought 
together a group of researchers 
from across Europe who have very 
different experiences of diverse 
landscapes. Out of this group has 
emerged an integrated, fully func-
tioning and well documented soft-
ware product, based on sound sci-
entific principies, that allows a user 
to model the soil-crop-climate sys-
tem under conditions of climate 
change at the regional scale. This is 
the principal achievement of the pro-
ject. However, the research has also 
been responsible for the develop-
ment of robust approaches to esti-
mate soil hydraulic properties from 
simple soil survey data using pedo-
transfer functions, a framework for 
the manipulation of spatial environ-
mental datasets and their use with 
simulation models , and improved 
understanding of complex soil water 
balance modelling including the in-
fluence of macropore flow. Consid-
erable amounts of data have been 
collected for the development, vali-
dation and application of ACCESS, 
and in combination with the mod-
elled output, this provides an exten-
sive knowledge base within the 
study regions selected for the pro-
ject. 
Moreover, ACCESS represents a 
foundation of some considerable 
strength upon which future initia-
tives in land use modelling can be 
built. ACCESS should be consid-
ered as the first phase toward many 
exciting future initiatives. 
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Limitations 01 
ACCESS-I 
A number of assumptions have 
been made in the development of 
ACCESS-I to allow it to operate at 
the regional scale. These include: 
• the monthly time step for physical 
and physiological processes does 
not allow accurate simulation of 
processes having a smaller time 
resolution; 
• free drainage is assumed as the 
lower boundary condition, which 
is not realistic in the presence of 
groundwater or impermeable hori-
zons; 
• the soil matric potential below the 
rooting zone is assumed to be 
constant for the simulation period; 
• the amount of water available for 
transpiration is supplied by two in-
dependent sources: soil available 
water and rainfall ; 
• leaf interception of rainfall , sur-
face run-off, lateral water transfer, 
capillary rise and macropore flow 
are not considered. 
• growth limiting factors other than 
light, temperature , or water are 
not considered , and the interac-
tions between these factors are 
not taken into account; 
• the model assumes that the influ-
ences of temperature and crop 
water stress on the water-use effi-
ciency are independent. 
Limitations of 
ACCESS-II 
ACCESS-II offers a more detailed 
and mechanistic model than AC-
CESS-I , but does so at the expense 
01 requiring many more parameters 
and a greater computational effort. 
However, it cannot consider all pos-
sible situations and these may be 
seen as limitations 01 the model. 
• Validated parameters are avail-
able lor only a limited number 01 
major crops (maize, wheat, soya 
and sunllower) , although users 
may import their own parameters 
to deline other crops; 
• Solution 01 the Richards' equation 
lor soil water movement requires 
estimates 01 the van Genuchten pa-
rameters lor the soil moisture char-
acteristics. These must be provided 
externally either by pedotransler 
lunctions or by measurement; 
• A range 01 lower boundary condi-
tions can be modelled, including 
both Iree drainage and the sealed 
condition, but the interaction with 
a moving regional ground wa-
tertable cannot be modelled; 
• Irrigation scheduling is treated 
simply, consisting 01 a 'trigger' 
delicit, an irrigation amount and a 
maximum total per year; 
• There is no interaction between 
the soil and crop state and the 
cropping diary, which is delined a 
priori. Thus, sowing and harvest 
dates do not depend on either soil 
or crop conditions; 
• As with ACCESS-I, lateral move-
ment 01 water is not considered. 
Water reaching the surface in ex-
cess 01 inliltration capacity is as-
sumed to be lost as surface runoff, 
but no attempt is made to model 
the late 01 such water. 
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• As with ACCESS-I , the sites are 
considered to be Ilat and the solar 
radiation and rainlall inputs are 
corrected neither lor slope nor as-
pect, nor are any lateral translers 
considered. 
• The crop growth model assumes 
complete plant nutrition. There is 
no attempt to identily the effects 01 
nitrogen and carbon supply, nor 
the interactions with other limiting 
or deleterious soil conditions. 
Despite these limitations, ACCESS 
can predict crop yields within 10% 01 
known values over large regions. 
The way forward 
ACCESS provides a Iramework lor 
the linkage 01 existing environmen-
tal datasets with state-ol-the-art 
simulation modelling, lor the as-
sessment 01 regional environmental 
change impacts on agroecosys-
tems. As such, ACCESS provides a 
scientilically-sound platform lor the 
lurther development 01 integrated 
land use modelling within Europe. 
Climate change research is largely 
driven by the need to provide policy 
makers with comprehensive inlorma-
tion on the likely consequences 01 
any impact. For agroecosystems, this 
implies the need to address the im-
pact 01 climate change on all aspects 
01 the primary production sector. It is 
becoming increasingly evident that 
the ability to provide policy-makers 
with uselul inlormation, requires an 
integrated modelling approach that 
considers the socio-economic as well 
as the physical environment. An inte-
grated model could be used to deline 
optimum land use and management 
strategies in response to the chang-
ing environment. It is equally impor-
tant that these models operate at 
scales which are uselul to planners 
and others on the ground. 
The lurther developments necessary 
to achieve an integrated land use 
model, based on the ACCESS Irame-
work, are outlined below. These are 
divided according to developments 
directed at an understanding 01 the 
physical environment 01 plants and 
soils, and those aimed at the wider 
management and socio-economic 
aspects 01 land use systems. 
Developments in 
modelling physical 
processes 
Land use systems are complex, and 
still not lully understood , nor de-
scribed. Hence, there is always a 
need to lurther develop and improve 
modelling procedures 01 physical en-
vironmental processes. This need is 
also inlluenced by the collection 01 
ever increasing amounts 01 experi-
mental data. In order lor models to 
represent the true state 01 knowledge 
and understanding 01 lundamental 
processes, they must respond to 
new experimental lindings. Future 
developments in the physical compo-
nents 01 ACCESS need to consider: 
• Modelling 01 physical processes, 
by; 
(a) improving the mechanistic 
modelling approaches based on 
up-to-date experimental data, 
(b) lurther validation 01 the model 
lor a wider range 01 agroclimatic 
environments, 
(c) undertaking a model sensitivi-
ty analysis, especially 01 the soil 
inputs e.g . organic carbon con-
tent, and 
(d) using newly available GCM 
output data lor regional impact as-
sessments. 
• The use 01 digital terrain model-
ling (DTM) within the ACCESS 
Iramework, in order to evaluate: 
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(a) regional scale surface water 
Ilows and drainage patterns, as a 
component 01 the soil water bal-
ance and land degradation as-
sessments; 
(b) energy inputs to a growing 
crop. 
• Further development 01 spatialisa-
tion techniques at the regional 
scale. This needs to include some 
relinement 01 soil and climate 
data, estimation 01 the precision 01 
model inputs and outputs and an 
estimation 01 the optimal sampling 
01 model run sites. 
• The development 01 mechanistic 
approaches to evaluate the im-
pact 01 land degradation process-
es, e.g. soil erosion and salinisa-
tion , on crop production. 
Developments in mode-
lling land use systems 
Further development 01 ACCESS 
needs to widen its ability to consider 
all components 01 European land use 
systems. This can be achieved by: 
• Extension 01 the current range 01 
land uses considered by ACCESS. 
• Incorporation 01 modelling proce-
dures within ACCESS to evaluate 
the socio-economics 01 agricultur-
al production . This approach 
would allow predictions to be 
made 01 the actual distribution 01 
land use based on a knowledge 01 
prevailing soils, climates and so-
cio-economic environments. 
• incorporation 01 management as-
pects into the integrated model-
ling, e.g. tillage practices, sowing 
dates, lertiliser applications, in-
cluding the inlluence 01 nitrogen 
inputs on crop yield, etc. 
Use 01 the model to test adaptation 
strategies to climate change based 
on different land use and manage-
ment options. 
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